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PROCESSING A CONTENT ITEM WITH
REGARD TO AN EVENT AND A LOCATION

CROSS REFERENCE TO OTHER
APPLICATIONS

This application is a continuation of co-pending U.S.
patent application Ser. No. 12/215,716, entitled PROCESS-
ING A CONTENT ITEM WITH REGARD TO AN EVENT
AND A LOCATION filed Jun. 27, 2008 which is incorpo-
rated herein by reference for all purposes, which claims pri-
ority to U.S. Provisional Application No. 60/937,708, entitled
MASALA SYSTEM FOR EVENT DETECTION, MATCH-
ING AND TRACKING filed Jun. 29, 2007 which is incorpo-
rated herein by reference for all purposes.

BACKGROUND OF THE INVENTION

News sources typically provide consumers with stories that
have been written by reporters and filtered, prioritized, and
organized by editors to ensure appropriate selection and con-
tent quality. However, one problem with this approach is that
reporters and editors bring their own biases to the process. An
additional problem is that reporters and editors may not be
familiar with the culture or background of the locale in which
anews story takes place, and so may not be able to convey the
full picture or meaning of what has happened. Finally, report-
ing and editing by professionals is expensive and has histori-
cally depended upon a favorable ratio of producers to con-
sumers to be cost-effective (hence the term “mass media™).
This approach doesn’t scale to a larger and more diverse
world of interests and information.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the invention are disclosed in the
following detailed description and the accompanying draw-
ings.

FIG. 1 is a block diagram illustrating an embodiment of a
system for processing associated with events.

FIG. 2A is a block diagram illustrating an embodiment of
an event pipeline.

FIG. 2B is a block diagram illustrating an embodiment of
an input handler.

FIG. 2C is a block diagram illustrating an embodiment of
an event handler.

FIG. 2D is a block diagram illustrating an embodiment of
a pivot handler.

FIG. 3 is a flow diagram illustrating an embodiment of
process for a feed content item processor.

FIG. 4 is a flow diagram illustrating an embodiment of a
process for an event coordinator.

FIG. 5 is a flow diagram illustrating an embodiment of a
process for a coordinator for feed sourced events.

FIG. 6 is a flow diagram illustrating an embodiment of a
process for processing query responses within the event coor-
dinator.

FIG. 7 is a flow diagram illustrating an embodiment of a
process for event query processing.

FIG. 8 is a flow diagram illustrating an embodiment of a
process for a search engine harvester.

FIG. 9 is a flow diagram illustrating an embodiment of a
process for a relevance verifier.

FIG. 10 is a flow diagram illustrating an embodiment of a
process for user content item processor.

FIG. 11 is a flow diagram illustrating an embodiment of a
process for user generated events.
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FIG. 12 is a flow diagram illustrating an embodiment of a
process for a user contributing to an event.

DETAILED DESCRIPTION

The invention described herein can be implemented in
numerous ways, including as a process; an apparatus; a sys-
tem; a composition of matter; a computer program; a product
embodied on a computer readable storage medium; and/or a
processor, such as a processor configured to execute instruc-
tions stored on and/or provided by a memory coupled to the
processor. In this specification, these implementations, or any
other form that the invention may take, may be referred to as
techniques. In general, the order of the steps of disclosed
processes may be altered within the scope of the invention.
Unless stated otherwise, a component such as a processor or
a memory described as being configured to perform a task
may be implemented as a general component that is tempo-
rarily configured to perform the task at a given time or a
specific component that is manufactured to perform the task.
As used herein, the term ‘processor’ refers to one or more
devices, circuits, and/or processing cores configured to pro-
cess data, such as computer program instructions.

A detailed description of one or more embodiments of the
invention is provided below along with accompanying figures
that illustrate the principles of the invention. The invention is
described in connection with such embodiments, but the
invention is not limited to any embodiment. The scope of the
invention is limited only by the claims and the invention
encompasses numerous alternatives, modifications and
equivalents. Numerous specific details are set forth in the
following description in order to provide a thorough under-
standing of the invention. These details are provided for the
purpose of example and the invention may be practiced
according to the claims without some or all of these specific
details. For the purpose of clarity, technical material that is
known in the technical fields related to the invention has not
been described in detail so that the invention is not unneces-
sarily obscured.

Processing a content item with regard to an event is dis-
closed. A content item comprises a report, a comment, an
image, and/or a video and pertains to one or more events. A
user generates a content item. The user generated content
item is processed to determine whether the user generated
content item comprises an event. The user generated content
item is processed to determine a location associated with the
user generated content item. Alternatively, a content item is
generated by one or more on-line feed sources. The feed
sourced content item is processed to determine whether the
feed sourced content item comprises an event or pertains to an
existing event. The feed sourced content item is processed to
determine a location associated with the feed sourced content
item.

Additional content items are identified to provide supple-
mental information for a given event by actively querying an
event repository (e.g., a system repository and/or a local
repository) and/or content repositories (e.g., internet news
sources, blogs, image web sites, video web sites, etc.). In
some embodiments, an event is created based on a user-
provided content item and a content item is aggregated with
an event, where the content item is identified using a query to
one or more repositories.

In various embodiments, an event comprises something
that happens at a given place and time, something interesting,
exciting, or unusual that a user or news source (e.g., as
decided by an editor) want to share with others and discuss.
Examples of events are: the price of real estate in San Fran-
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cisco is going down; two people shot in a mall in Peshawar,
Pakistan; honey and cinnamon—nature’s best medicine; a
sporting event at Stanford University, Palo Alto, Calif.; and/or
the Olympics in China. In some embodiments, events are
created or posted by users or contributors—for example, a
person or user can post an event on a website associated with
a server from a cell phone with SMS or via a website (e.g., by
clicking on “post an event”). In some embodiments, an event
is posted with an event title, a summary, a location and a
category. In some embodiments, a person or user posts an
event by uploading an image or video or by writing a blog or
article on the website associated with a server. In some
embodiments, events are automatically posted by the website
associated with server—for example, the server uses news
reported by newspapers and wire services as a starting point.

In some embodiments, a location associated with a
received content item is determined. The received content
item is associated with an event at least in part based on
indicia of relatedness, other than the determined location,
between the content item and the event. A criterion that the
indicia of relatedness is required to satisty for the content item
to be determined to be associated with the event has a lower
value if the determined location associated with the received
content item has a first degree of correspondence to a location
associated with the event than if the determined location
associated with the received content item has a second, lower
degree of correspondence to the location associated with the
event. In some embodiments, location is used in combination
with other indicia to determine whether a given content item
should be associated with an event (e.g., using a weighted
sum or other linear or non-linear joint function involving
location overlap as well as similarity or other indicia). For
example, features regarding a content item are assessed (e.g.,
via overlap or similarity, etc.) with respect to features regard-
ing content items associated with an event. In various
embodiments, this is an average or weighted sum involving
feature overlap and/or feature similarity between a content
item and content items associated with an event, a non-linear
combination of feature overlap and/or feature similarity, or
any other appropriate joint function. In some embodiments,
indicia of relatedness comprise a time overlap between a time
associated with the received content item and a time associ-
ated with the event. For example, a time overlap comprises
being within a 24 hour window.

In some embodiments, a content item is associated with an
event by determining a location associated with the content
item and determining an event that is associated with the
content item, wherein determining requires a first degree of
similarity of an attribute other than location if the location
associated with the content item is close to a location associ-
ated with the event and wherein determining requires a sec-
ond degree of similarity of an attribute other than location if
the location associated with the content item is not close to the
location associate with the event. For example, if the location
associated with a news article is close to the location associ-
ated with an event, then the news article topic does notrequire
aparticularly high degree of similarity to the event topic to be
associated with the event; on the other hand, if the location
associated with the new article is far from the location asso-
ciated with the event, then the news article topic is required to
have a high degree of similarity to the event topic to be
associated with the event. In some embodiments, the features
of an event (e.g., location, category, etc.) are determined by
the content components that make up the event; a comparison
is then between a piece of content and a collection of other
pieces of content that make up an event.
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In some embodiments, areceived content item is processed
by determining a location associated with the received con-
tent item, determining an event that is associated with the
received content item, and revising, if appropriate, a location
associated with the event based at least in part on the location
associated with the content item. For example, a new content
item is received from a user or other source and found to be
associated with an existing event in the system; the location of
the new content item is used to update, if appropriate, the
location for the event (e.g., a more specific location such as a
state instead of a country, a city instead of a state, etc., or the
location of the event taking into account all locations [includ-
ing the new content item location| of content items associated
with the event is different). In some embodiments, the event is
displayed associated with the location associated with the
event.

FIG. 1 is a block diagram illustrating an embodiment of a
system for processing associated with events. In the example
shown, server 110 includes interface 112 and event pipeline
114. Interface 112 receives inputs and sends outputs via net-
work 120. In various embodiments, network 120 comprises a
wired network, a wireless network, the Internet, the world
wide web, a local area network, a wide area network, or any
other appropriate network. User 106—represented in FIG. 1
as a user using a personal computer (e.g., computer 100 or
computer 102) or a user using a personal data assistant or
smart phone (e.g., phone 104)—generates a content item
(e.g., areporting of an event) and provides the content item to
server 110 via network 120. Feed sources—represented in
FIG. 1 by feed source 140 and feed source 142—generate
content items and provide the content items to server 110 via
network 120. For example, feed sources comprise really
simple syndication (RSS) feeds from selected web sites (e.g.,
news source sites, blogs, etc.) or query responses from news
or other repositories. Content items provided to server 110 are
processed by event pipeline 114 to determine whether a given
content item comprises a new event or is or should be asso-
ciated with and/or related to an existing event. Server 110 can
identify and aggregate content by querying repositories (e.g.,
repository 130, repository 132, repository 134, etc.) and/or
feed sources (e.g., feed source 140 and feed source 142, etc.)
to supplement information associated with events.

In some embodiments, the website associated with server
110 is configured to create a global community that shares
news, videos, images and opinions tied to events and people.
For example, the website is a place where a person or user can
tell the world what is happening where they are (e.g., a loca-
tion) at a particular point in time; the website then brings
together multiple points of view: news stories, video, images
and blogs from the Internet, to provide context and build
momentum. The website also provides the community the
ability to search and navigate an event by location and cat-
egory, and to share and to have a discussion around the event.
In various embodiments, a contribution (e.g., a content item)
is automatically checked for spam and relevance to the event,
a contribution is not edited and is posted as is as long as it is
relevant to the event, or any other appropriate processing. In
some embodiments, the relevance is checked by algorithms.
In some embodiments, relevance is based at least in part on
computing a similarity score based on temporal, location,
and/or textual similarity between the content item and a con-
text model of the event.

FIG. 2A is a block diagram illustrating an embodiment of
an event pipeline. In some embodiments, event pipeline 200
of FIG. 2 is used to implement event pipeline 114 of FIG. 1.
In the example shown, event pipeline 200 includes input
handler 202, event handler 204, and pivot handler 206. Input
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handler 202 receives content items from feeds and from users.
Invarious embodiments, input handler 202 processes content
items by generating a summary, detecting whether the content
item is a duplicate or near duplicate of a previously received
content item, determining a geographic location associated
with the content item, identifying entities (e.g., a special
named item, person, place, thing, etc.), and/or determining a
category (e.g., politics, entertainment, sports, science and
technology, conflict and tragedy, or business, etc.). Event
handler 204 receives events from input handler 202. Event
handler 204 indexes the received event and/or checks to see if
the event is a new event or there is a related event. Event
handler 204 also indicates if related content is to be found by
using queries to sources and repositories. Event handler 204
includes an event repository that has an index of feed sourced
events and user generated events which have been received by
the system. Pivot handler 206 receives an indication that
related content is to be found using queries to sources and
repositories. Pivot handler 206 uses queries to find related
content, processes query responses, and returns the related
content to event handler 204.

FIG. 2B is a block diagram illustrating an embodiment of
an input handler. In some embodiment, input handler 220 of
FIG. 2B is used to implement input handler 202 of FIG. 2A.
In the example shown, input handler 220 includes feed har-
vester 222, feed content item processor 224, user content item
processor 226, user contribution relevance model 228. Feed
harvester 222 receives content items from feeds and extracts
relevant content to pass to feed content item processor 224.
For example, feed harvester 222 comprises an RSS and
hypertext markup language (HTML) crawler that examines a
predefined set of resources periodically (e.g., news sources
every 15 minutes) for new news articles; these new articles are
retrieved and the body of the news article is extracted, for
example by extracting the longest contiguous piece of text
(ignoring format tags) and removing other material—for
example, ad units, images, navigation, and other non-context
bearing content. Feed content item processor 224 generates a
summary for each article, checks for duplicates and near-
duplicates by querying an index of previously processed con-
tent items, determines a geographic location by determining a
weighted list of location candidates, determines named enti-
ties, and/or determines a category. User content item proces-
sor 226 detects named entities (e.g., famous people, organi-
zations, locations, etc.), determines if the user is the first to
report the event, and/or verifies content item before determin-
ing if the content item comprises an event. The category is
specified by the user when he/she submits an event to the
system, so that a category does not need to be determined for
the user content item. In some embodiments, the category is
determined for the user content item. User contribution rel-
evance model 228 checks relevance of a user contributed
content item to an event. In some embodiments, relevance is
based at least in part on computing a similarity score based on
temporal, location, and/or textual similarity between the con-
tent item and a context model of the event.

FIG. 2C is a block diagram illustrating an embodiment of
an event handler. In some embodiments, event handler 240 is
used to implement event handler 204 in FIG. 2A. In the
example shown, event handler 240 includes event coordinator
242 and event/content item repository 244. Event coordinator
242 analyzes the information contained in, as well as the
metadata associated with, a content item; determines if a
similar event has been previously processed, associates the
content item with a similar event or creates a new event,
revises an event location, summary, title, category if appro-
priate; and/or matches and/or relates feed sourced events with
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user generated events. In various embodiments, event coor-
dinator 242 is referred to as a content item associator, an event
determiner, or any other appropriate name.

FIG. 2D is a block diagram illustrating an embodiment of
a pivot handler. In some embodiments, pivot handler 260 is
used to implement pivot handler 206 of FIG. 2A. In the
example shown, pivot handler 260 includes event query pro-
cessor 262, search engine harvesters 264, and relevance veri-
fiers 266. Event query processor 262 creates a set of queries
that are used to aggregate additional information relating to
an event. Additional information includes blog entries,
images, videos, etc., from online sources, as well as other
related events in the system. Search engine harvesters 264
process queries generated by event query processor 262.
Search engine harvesters 264 set configurable parameters—
for example, how to submit a request to the information
repository, how long to wait between requests, how to parse
the results returned by the repository, what type of query to
accept for processing, and/or the minimum length of a query
to accept. In some embodiments, the queries are processed
based at least in part on a priority. If a query does not produce
any results or any useful results, search engine harvesters 264
will relax the query by removing the least important (e.g., the
right-most) term(s) or phrase in the query. In some embodi-
ments, the query is shortened until it reaches a minimum
query length. In some embodiments, a query is submitted to
geographically relevant sources. For example, a query related
to an event associated with a city is submitted to sources
associated with the city. Relevance verifiers 266 filter and
order the aggregated results from search engine harvesters
264 based on relevance of the image/video/blog to the event it
has been retrieved for. Relevance verifiers 266 check to
ensure that the information does not originate from a black-
listed site, does not use any blacklisted terms, is not spam, and
is related to the topic covered by the event the information
was aggregated for.

FIG. 3 is a flow diagram illustrating an embodiment of
process for a feed content item processor. In some embodi-
ments, the process of FIG. 3 is executed by feed content item
processor 224 of FIG. 2B. In some embodiments, feed con-
tent item processor takes feed content information from a feed
harvester and process the information for an event handler. In
the example shown, in 300 a summary is generated. A sum-
mary is generated for a feed content item (e.g., a news article)
by splitting the content into sentences and constructing a two
sentence summary that meets length and content heuristics
(e.g., 2-5 words preferred with no capital letters and no punc-
tuation). In 302, a check for duplicate/near duplicate is per-
formed. Checking for a duplicate/new duplicate includes gen-
erating a query (e.g., a 30 term query) from the feed content
item and looking for previously processed articles already
indexed by the system (e.g., in the event repository) with a
high similarity score. Duplicate/near duplicate checking also
validates the check using bigram and unigram (e.g., 2-word
units and 1-word units) overlap between the feed content item
and the duplicate candidate. In 304, a geographic location is
determined. A geographic location is determined using a list
of' geographic locations associated with the feed content item
and a corresponding confidence weight. The geographic loca-
tion is determined using a set of extraction patterns (e.g.,
bylines, “to” references, “from” references, “at” references,
“in” references, colon preceding, colon succeeding, all capi-
tal letters within parentheses, etc.) to build a list of possible
locations for the feed content item. Possible locations are
derived from a database that currently includes over 200,000
world locations. Each set of extraction patterns has an asso-
ciated weight that corresponds to the confidence that a loca-
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tion derived from that pattern is the location of the event (e.g.,
there are different weights assigned to locations associated
with bylines, associated with “to” references, associated with
“from” references, associated with “at” references, associ-
ated with “in” references, associated with colon preceding,
associated with colon succeeding, associated with all capital
letters within parentheses, etc.). In the event that no location
candidates are identified, the feed content item is assigned the
location of the feed source of the content item (e.g., organi-
zation location, website location, etc.); a confidence weight is
assigned to locations determined by this method as well. In
some embodiments, the geographic location is determined
using a location determiner.

In 306, entities are extracted. Special named entities (e.g.,
famous people, organizations, places, etc.) are extracted and
the frequency with which a special named entity is mentioned
in the feed content item is indicated. In various embodiments,
entities are extracted using an open source entity extractor
(e.g., Balie [Baseline Information Extractor]), by using pre-
populated lexicons of entities, or any other appropriate
extraction method. In 308, a category is determined. A cat-
egory is determined using a category associated with or pro-
vided by the feed source or using a classifier (e.g., a multi-
tiered classifier, a case-based classifier, a naive Bayesian
classifier, etc.). In various embodiments, a category com-
prises a topical category—for example, politics, entertain-
ment, sports, science, technology, conflict, tragedy, business,
health, elections, local, national, foreign, world, etc.

FIG. 4 is a flow diagram illustrating an embodiment of a
process for an event coordinator. In some embodiments, the
process of FIG. 4 is executed by event coordinator 242 of F1G.
2C. In the example shown, in 400 feed sourced events are
coordinated. Coordinating feed sourced events includes
building a context model for the feed content item using
textual information about the content item (e.g., summary,
title, body, etc.). The context model associated with the feed
content item includes a list of unique unigrams and corre-
sponding TFIDF (term frequency—inverse document fre-
quency) values, a list of bi-grams with corresponding TFIDF
values, a list of tokens in order with sentence boundaries
indicated, and a list of entities extracted from the title or other
elements of the content item. A query is formed using a
number of items from the context model (e.g., 30 terms)
ordered by TFIDF value. The query is submitted to a reposi-
tory (e.g., a repository of content items—for example, news
stories—that have been already associated with an event) to
identify the most similar content items within a time period
(e.g., the top 100 most similar news articles, or those above a
certain threshold, within the last 24 hours). For the identified
most similar events within the time period, calculations are
performed to determine a matching event. The location, the
category, the title, and the summary are revised, if appropri-
ate, based on the feed content item being aggregated with the
matching event. Pivoting, or querying to identify additional
relevant information, is enabled if the event qualifies (e.g., at
least two resources or one credible resource have participated
in the creation of the event). If no matching event is identified,
anew event is created from the feed content item. The content
item is also matched against user generated events already in
the system, and the matching user generated events are related
to, aggregated with, or not related to, or not aggregated with
the content item as appropriate.

In 402, user generated events are coordinated. Coordinat-
ing user generated events includes detecting named entities
(e.g., famous people, organizations, places, etc.). Coordinat-
ing user generated events also includes determining if the user
is the first to report the event by searching previously submit-
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ted (e.g., within the last 2 days) user generated events to the
system using a query (e.g., a S0 term query formed from terms
extracted from the title, summary, blog post, image caption,
tags, and/or any other textual information associated with the
user submitted content item). If the query does not return a
similar user submitted event, then the user submitting the
content item receives a graphical “badge” indicating that the
user is the first to report the event. A query is formed using the
user generated text and tags (e.g., 30 terms where tags are
weighted more than text). The query is submitted to the event
repository to identify the most similar feed sourced events
within a time period (e.g., the top 100 most similar news story
events within the last 24 hours). For the identified most simi-
lar feed source events within the time period, calculations are
performed to determine a matching feed source event.
Because the title, location, summary, and category are solic-
ited from the user when they create an event, this information
is not revised when other news stories are aggregated to the
user’s event. In some embodiments, the location, the cat-
egory, the title, and the summary are revised, if appropriate,
based on the user generated content item being aggregated
with the matching feed source event. Pivoting, or querying to
identify additional relevant information, is enabled if the
event qualifies (e.g., any similar news stories are identified or
if the user has a reputation score above some tunable thresh-
old). In some embodiments, identifying a similar feed
sourced verifies the user generated event. In some embodi-
ments, an event coordinator receives event input and interacts
with an event repository.

FIG. 5 is a flow diagram illustrating an embodiment of a
process for a coordinator for feed sourced events. In some
embodiments, the process of FIG. 5 is executed by coordina-
tor for feed sourced events 400 of FIG. 4. In the example
shown, in 500 a context model is built. The context model for
the feed content item is extracted using textual information
about the content item (e.g., summary, title, body, etc.). The
context model associated with the feed content item includes
a list of unique tokens and corresponding TFIDF (term fre-
quency—inverse document frequency) values, a list of bi-
grams with corresponding TFIDF values, a list of tokens in
order with sentence boundaries indicated, and a list of entities
extracted from the title. The TFIDF statistics rely on a corpus
of documents. There is a separate corpus of documents, and
hence a different statistical model, for each category of
events. In 502, a query is formed for the event repository. The
query is formed using a number of items from the context
model (e.g., 30 terms) ordered by TFIDF value. In 504, the
query is submitted. The query is submitted to a repository
(e.g., a repository of content items—for example, news sto-
ries—that have been already associated with an event) to
identify the most similar content items within a time period
(e.g., the top 100 most similar news articles within the last 24
hours). In various embodiments, a time based function is used
to help determine appropriate similar content items and/or to
determine appropriate content items/events to match to the
feed sourced content item. In 506, the query responses are
received. In 508, the query responses are processed. In 510, it
is determined if the event is assigned. The matching event
with the highest average overall score as determined by the
processing in 508 is assigned as the event to the feed sourced
content item. If the event is assigned, in 512 the location, the
category, the title, and the summary of the event are revised,
if appropriate, based on the feed content item being aggre-
gated with the matching event. In various embodiments, the
location, the category, the title, and the summary are revised
using a reviser, for example, a location reviser, a category
reviser, a title reviser, a summary reviser, or any other appro-
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priate processor. In 514, pivoting is enabled, if appropriate. In
some embodiments, pivoting is enabled when at least two
resources or one credible resource have participated in the
creation of the event. If the event is not assigned, in 516 a new
event is created from the feed content item.

FIG. 6 is a flow diagram illustrating an embodiment of a
process for processing query responses within the event coor-
dinator. In some embodiments, the process of FIG. 6 is used
to implement 508 of FIG. 5. In the example shown, in 600 a
candidate article is selected. A candidate article is selected
from the one or more query responses. In 601, a weighted
overlap is determined between a location list for the event
associated with the candidate article and the location list of
the target article. The candidate article comprises a previously
processed content item that has already been associated with
apreviously identified event, as returned as a query response.
The target article comprises the feed sourced content item. In
602, a matching threshold is determined based on location
overlap. Theless sure the system is that the stories occurred in
the same location (i.e., the lower the location overlap score),
the higher the threshold that is required for content similarity
to infer that the candidate article and the target article may
refer to the same underlying event. In some embodiments, the
threshold is set at an appropriate predefined value if: 1) either
the candidate or the target has a resource location; 2) the
candidate and the target share the top location and the location
is a city; 3) the candidate and the target share the top location
and the location is a country; 4) the candidate location list has
some overlap with the target location list; 5) the candidate
location list has no overlap with the target location list; and 6)
the candidate and the target have high similarity according to
the event repository search algorithm. For example, the
threshold may be set for 1) to 0.28, for 2) to 0.15, for 3) to
0.22, for 4) to 0.25, for 5) 0.32, and for 6) to 0.13, where a
higher value corresponds to higher degree of similarity that is
required to determine that the candidate and target articles
match.

In 604, a frequency based overlap is determined based on
candidate bi-grams and target bi-grams. In 606, the similarity
is determined between candidate unigrams and target uni-
grams. In some embodiments, similarity comprises a cosine
similarity measure. In 608, a frequency based overlap is deter-
mined between candidate named entities and target named
entities. In 610, a score is determined based on bi-gram over-
lap, unigram similarity, entity overlap, and initial search
score.

In 612, it is determined if the score is greater than the
matching threshold. In the event that the score is greater than
the matching threshold, then in 614 the event that is associ-
ated with the candidate article is retained as a possible event
with which to associate the target article, along with the
corresponding score. In some embodiments, the received
content item (e.g., target article) is determined to be associ-
ated with an event (e.g., the event associated with the candi-
date article) based at least in part on an indicia of relatedness
(e.g., a score for example, a bi-gram overlap, a unigram
similarity, or an entity overlap other than location), where the
criteria that the indicia of relatedness is required to satisfy
(e.g., the criteria is that the score is required to be greater than
a matching threshold) has a lower value if the location asso-
ciated with the received content item (e.g., the location asso-
ciated with the target article) has a first degree of correspon-
dence (e.g., a threshold of 0.15 if the locations are similar for
example, the same city) than if the location associate with the
received content item has a second, lower degree of corre-
spondence to the location associated with the event (e.g., a
threshold of 0.32 if the locations are not similar at all for
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example, no overlap between locations on list associated with
the target and candidate content items). In various embodi-
ments, the number of candidates is finite, the number of
candidates is determined by the number of candidates whose
score is above a predetermined threshold, or any other appro-
priate manner of selecting the number of candidates.

In 616, it is determined if there are more candidate articles.
In the event that there are more candidate articles, control
passes to 600. In the event that there are no more candidate
articles, in 618 it is determined which event is to be associated
with the target. The average score of each associated event
retained during this process, and the number of candidates
contributing to that average (e.g., associated with the retained
event), are combined to determine an overall score for each
retained event. The event with the highest resulting score is
then associated with the target content item (e.g., article). For
example, the top 100 candidates whose score exceeds a tun-
able threshold are used to determine an associated event by
looking at the events associated with these candidates and
computing a score (e.g., an average or weighted score of the
candidates) associated with each event. The score and the
number of candidates contributing to that score are then used
to determine the appropriate associated event. In some
embodiments, the event associated with the received content
item is one of a plurality of candidate events determined at
least in part using one or more prior received content items
(e.g., articles). In some embodiments, the plurality of candi-
date events are each assigned a rating based on weightings of
indicia of similarity between the content item and prior
received content items associated with each candidate event
as well as the number of those prior received content items
associated with the given candidate event.

FIG. 7 is a flow diagram illustrating an embodiment of a
process for event query processing. In some embodiments,
the process of FIG. 7 is executed by event query processor 262
of FIG. 2D. In some embodiments, event query processing is
used for pivoting or identifying and acquiring information to
supplement event information. In the example shown, in 700
one or more context models is/are built. For feed sourced
content items, three context models are built: c1) just titles of
the news articles; c¢2) titles and summaries of the news
articles; and c3) titles/summary/body of the news articles. For
user generated content items, a context model (c4) is built
using tags and title and summary and user contributed textual
information. In 702, a query is formed for the repositories.
For feed sourced content items, a query is generated as fol-
lows: bi-grams with frequency greater than 2 are retrieved
from c1; terms in c1 that do not appear in ¢3 are discarded; a
fiveterm query is generated from c¢1 (or c2 if not enough terms
are presentincl); ifthe location ofthe event is found inc1, the
location is appended to the front of the query; the terms of the
query are ordered based on the bi-grams of cl. For user
generated content items, a query is generated as follows:
bi-grams are retrieved from c4; if the location of the event is
found in c4, the location is appended to the front of the query;
the terms of the query are ordered based on the bi-grams of c4.
In 704, a query is submitted. For each enabled search engine,
a query job is created using the query generated above and
passed to the search engine harvesters (e.g., search engine
harvester 264 of FIG. 2D). For a user generated event, the
query is given a high priority which will result in near imme-
diate processing. Queries are sent to search image reposito-
ries, video repositories, blog repositories or sites, related
event repositories, face image repositories, and/or any other
appropriate repositories for identifying related information.

FIG. 8 is a flow diagram illustrating an embodiment of a
process for a search engine harvester. In some embodiments,
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the process of FIG. 8 is executed by search engine harvester
264 of FIG. 2D. In the example shown, in 800 queries are
received with priorities. In 802, queries are processed based
on priorities. In 804, queries are submitted to repositories. In
806, results are received. In the event that results are received,
in 808 the search results are returned, and the process ends.
The search results are returned to relevance verifiers (e.g.,
relevance verifiers 266 of FIG. 2D). In the event that results
are not received, in 810 the least important (e.g., right most)
query term is removed. In 812, it is determined if the number
of' query terms is below the minimum number of query terms.
In the event that the number of query terms is not below the
minimum number of query terms, then control passes to 804.
In the event that the number of query terms is below the
minimum number of query terms, the process ends.

FIG. 9 is a flow diagram illustrating an embodiment of a
process for a relevance verifier. In some embodiments, the
process of FIG. 8 is executed by relevance verifier 266 of F1G.
2D. In the example shown, in 900 the result is removed if from
a blacklisted site. In 902, the result is removed if it contains a
blacklisted term. In 904, the result is removed if the result is
spam. In 906, a context model is formed for the result. The
context model is formed using all textual information from
the result (e.g., title, summary, tags, body of the query result,
etc.). In 908, a similarity score is determined between a result
and an event. The similarity score comprises a weighted
TFIDF-based similarity score between the result and the
event context models. In some embodiments, the event con-
text model comprises the concatenated text of all the articles
associated with the event. In 910, the position overlap is
recorded. The overlap is based on TFIDF. In 912, it is deter-
mined if there is a result that has the same title or URL already
associated with the event. If there is a result already associ-
ated with the event, then the process ends. If there is not a
result that has the same title or URL already associated with
the event, then in 914 it is determined if the overlap between
contexts is greater than a threshold. If the overlap is greater
than the threshold, then in 916 the result is attached to the
event. [fthe overlap is not greater than the threshold, then the
process ends. In some embodiments, in addition to requiring
that the overlap between the contexts be greater than a thresh-
old, there is also a requirement that there be a sufficient
number of highly important words that occur in the overlap.

FIG. 10 is a flow diagram illustrating an embodiment of a
process for user content item processor. In some embodi-
ments, the process of FIG. 10 is used to implement 226 of
FIG. 2B. In the example shown, in 1000 named entities are
detected. Named entities comprise people (sometimes
famous), organizations, places, etc. In 1002, it is determined
if there are any similar user generated events. A query is
formed from the title and summary (e.g., a 50 term query) and
used to identify a user generated event within a time period
(e.g., within the last two days). If all returned user generated
events are not similar to the user content item, then in 1004 a
graphical “badge” is awarded indicating that the user is the
first to report the event and control is passed to 1006. If there
are similar user generated events, then in 1006, it is deter-
mined if there are any feed sourced events that are similar. In
some embodiments, similar events are searched for using a
query within a two day window. In some embodiments, a
query is generated as follows: bi-grams are retrieved from a
context model of the event (e.g., tags and title and summary
and user contributed textual information); if the location of
the event is found in the context, the location is appended to
the front of the query; the terms of the query are ordered based
on the bi-grams of the context. In some embodiments, a
content item aggregator aggregates a content item with the
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event by using submitting a query to one or more repositories.
In various embodiments, the one or more repositories com-
prise a video repository, an image repository, a face image
repository, a blog repository, or any other appropriate reposi-
tory. If there are no similar feed sourced events, then in 1012
the event is created. If there are any similar feed sourced
events, it is determined in 1008 if the user generated event is
to contribute to the similar feed sourced event. If the user
generated event is to contribute to an existing event, in 1010
the content is associated with the existing event as a blog post,
comment, image, or video. If the feed sourced event is not to
contribute, then the event is created in 1012.

FIG. 11 is a flow diagram illustrating an embodiment of a
process for user generated events. In some embodiments, the
process of FIG. 11 is executed by event coordinator 242 of
FIG. 2C. In the example shown, in 1100 an event is received.
In 1102 a context model is formed. In 1104, it is determined
if the event is verified. In some embodiments, if a returned
user generated content item from a query is similar to the user
content item, then the event is verified. In some embodiments,
verification includes identifying a similar feed sourced con-
tent item similar to the user content item. In some embodi-
ments, text and tags are used to generate a query for the event
repository to determine if a similar feed sourced event has
been received by the system within a time period (e.g., the last
24 hours). In various embodiments, verification comprises
identifying a predetermined number of user submitted con-
tent items corresponding to the same event, identifying that
the provider of the if the user-provided content item satisfies
a trusted user criteria (e.g., has a history of submitting one or
more previously verified events, has no history of submitting
afalse event, etc.), or any other appropriate verification. If the
event is verified, in 1106 pivoting is enabled for the event and
the process ends. Pivoting searches repositories for content
items (e.g., blog entries, images, videos, etc.) related to the
event. Content items related to the event are checked for
relevance. In some embodiments, relevance is assessed based
on a model of the event.

FIG. 12 is a flow diagram illustrating an embodiment of a
process for a user contributing to an event. In some embodi-
ments, the process of FIG. 12 is executed by user contribution
relevance model 228 in FIG. 2B. In the example shown, in
1200 a user contributes to an event. For example, images,
videos, or blogs to existing events (both system and user-
generated). In 1202 a check is made to make sure that the
textual information attached to the contribution is related to
the event. For example, in the case of a system generated
event, it compares the contribution to a context (e.g., a context
comprising a title and a summary) and determines a TFIDF
overlap. In the case of a user-generated event, textual infor-
mation provided by the event creator is checked for overlap to
the contribution context. If the overlap is above a threshold,
the contribution passes the relatedness check. In the event that
the contribution is related, then in 1204 the contribution is
published. In the event that the contribution is not related,
then in 1206 the user is prompted to revise the submission. In
some embodiments, relevance is based at least in part on
computing a similarity score based on temporal, location,
and/or textual similarity between the content item and a con-
text model of the event.

Although the foregoing embodiments have been described
in some detail for purposes of clarity of understanding, the
invention is not limited to the details provided. There are
many alternative ways of implementing the invention. The
disclosed embodiments are illustrative and not restrictive.
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What is claimed is:

1. A method for associating a content item with an event,
comprising:
determining, by a computer having a processor and non-
transitory computer memory including instructions
executable by the processor, a location associated with a
received content item from a source communicatively
connected to the computer;
selecting a plurality of previously processed content items,
each associated with a previously identified event;
for each of the selected plurality of previously processed
content items:
determining a location overlap between the location
associated with the received content item and a loca-
tion associated with the previously processed content
item;
determining a matching threshold based on the location
overlap;
determining a score representing a degree of non-loca-
tion based similarity between the received content
item and the previously processed content item; and
retaining the event associated with the previously pro-
cessed content item when the score is greater than the
matching threshold;
determining an overall score for each retained event of one
or more retained events based at least on an average of
the determined scores of the previously processed con-
tent items associated with the respective retained event;
selecting an event from the one or more retained events
based on the overall scores of the one or more retained
events; and
associating, by the computer, the received content item
with the selected event.

2. The method as in claim 1, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to a fre-
quency-based overlap.

3. The method as in claim 2, wherein the frequency-based
overlap is determined based on candidate bi-grams and target
bi-grams.

4. The method as in claim 1, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to a uni-
gram similarity.

5. The method as in claim 4, wherein the unigram similarity
comprises a similarity between unigrams associated with the
received content item and unigrams associated with a content
item associated with the event.

6. The method as in claim 1, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to an entity
overlap.

7. The method as in claim 6, wherein the entity overlap
comprises a frequency based overlap between named entities
associated with the received content item and named entities
associated with the previously processed content item.

8. A system for associating a content item with an event,

comprising:

a location determiner running on one or more computers
each having a processor and non-transitory computer
memory including instructions executable by the pro-
cessor for determining a location associated with a
received content item; and
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a content item associater running on the one or more com-
puters, the non-transitory computer memory including
further instructions executable by the processor for asso-
ciating the received content item with an event, wherein
the further instructions comprise:
selecting a plurality of previously processed content items,
each associated with a previously identified event;
for each of the selected plurality of previously processed
content items:
determining a location overlap between the location
associated with the received content item and a loca-
tion associated with the previously processed content
item;

determining a matching threshold based on the location
overlap;

determining a score representing a degree of non-loca-
tion based similarity between the received content
item and the previously processed content item; and

retaining the event associated with the previously pro-
cessed content item when the score is greater than the
matching threshold;

determining an overall score for each retained event of one
or more retained events based at least on an average of
the determined scores of the previously processed con-
tent items associated with the respective retained event;

selecting an event from the one or more retained events
based on the overall scores of the one or more retained
events; and

associating, by the one or more computers, the received
content item with the selected event.

9. The system of claim 8, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to a fre-
quency-based overlap.

10. The system of claim 9, wherein the frequency-based
overlap is determined based on candidate bi-grams and target
bi-grams.

11. The system of claim 8, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to a uni-
gram similarity.

12. The system of claim 11, wherein the unigram similarity
comprises a similarity between unigrams associated with the
received content item and unigrams associated with a content
item associated with the event.

13. The system of claim 8, wherein the degree of non-
location based similarity between the received content item
and the previously processed content item relates to an entity
overlap.

14. The system of claim 13, wherein the entity overlap
comprises a frequency based overlap between named entities
associated with the received content item and named entities
associated with the previously processed content item.

15. A computer program product for associating a content
item with an event, the computer program product embodied
in a non-transitory computer readable storage medium com-
prising computer instructions executable by one or more
computers for:

determining a location associated with a received content
item;

selecting a plurality of previously processed content items,
each associated with a previously identified event;

for each of the selected plurality of previously processed
content items:
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determining a location overlap between the determined
location associated with the received content item and
a location associated with the previously processed
content item;
determining a matching threshold based on the location
overlap;
determining a score representing a degree of non-loca-
tion based similarity between the received content
item and the previously processed content item; and
retaining the event associated with the previously pro-
cessed content item when the score is greater than the
matching threshold;
determining an overall score for each retained event of one
or more retained events based at least on an average of
the determined scores of the previously processed con-
tent items associated with the respective retained event;
associating the received content item with an event, by
selecting an event from the one or more retained events
based on the overall scores of the one or more retained
events.
16. The computer program product of claim 15, wherein
the degree of non-location based similarity between the
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received content item and the previously processed content
item relates to a frequency-based overlap.

17. The computer program product of claim 16, wherein
the frequency-based overlap is determined based on candi-
date bi-grams and target bi-grams.

18. The computer program product of claim 15, wherein
the degree of non-location based similarity between the
received content item and the previously processed content
item relates to a unigram similarity.

19. The computer program product of claim 18, wherein
the unigram similarity comprises a similarity between uni-
grams associated with the received content item and unigrams
associated with a content item associated with the event.

20. The computer program product of claim 15, wherein
the degree of non-location based similarity between the
received content item and the previously processed content
item relates to an entity overlap.

21. The computer program product of claim 20, wherein
the entity overlap comprises a frequency based overlap
between named entities associated with the received content
item and named entities associated with the previously pro-
cessed content item.



